Autism Spectrum Disorders (ASDs) and Cerebral Palsy (CP) are amongst the leading neurodevelopmental disorders in children worldwide causing diminished quality of life. Unlike CP caused by brain damage affecting muscle tone, movement and motor skills, equivocal report of different genes with varying loci as genetic malformation and genetic modulation by environmental factors have been the focus of attention in the aetiology of ASD. This study investigated levels of toxic metal (Pb) and macro elements (Ca and Mg) in blood of children with ASD and CP in Nigeria. 8 and 18 Children (aged 2 -12 years) clinically screened for features of ASD and CP respectively by pediatric neurologist using DMS-IV classification along with 15 age-matched neurologically healthy ones as controls were recruited. Plasma levels of Ca, Mg and Pb were determined in the children using Induction Coupled Plasma Mass Spectroscopy (ICP-MS). Results were analyzed using students t-test. The gender difference was not significant in the children (P = 0.216) while developmental milestones' abnormalities (stable neck, sitting, crawling and walking) was significantly prevalent among CP children relative to ASD and normal children (P= 0.003, 0.003, 0.003 and 0.000 respectively); however, abnormality in talking was common in ASD and CP relative to normal children (P = 0.000). There was significant difference in educational background of ASD and CP parents relative to those of normal children (P = 0.025). Mean plasma calcium and magnesium levels was significantly reduced in children with ASD (7.90 ± 0.17 mg/dl, 2.44 ± 0.07 mg/dl) and CP (7.26 ± 0.31 mg/dl, 2.42 ± 0.08 mg/dl) in comparison to the controls (8.97 ± 0.20 mg/dl and 3.26 ± 0.16 mg/dl); (P < 0.001; P < 0.000 and P < 0.002; P < 0.000) respectively. However, mean lead levels in children with CP (10.38 ± 1.45 µg/dl) were significantly greater than in ASD (7.92 ± 1.30 µg/dl) and normal children (6.83 ± 0.72 µg/dl) (P < 0.433; P < 0.047). Hypocalcaemia and hypomagnesaemia with concurrent plumbism (more pronounced in CP) was observed in children with ASD and CP in this study).
Introduction
Autism Spectrum Disorders (ASD) describes a range of conditions classified as neurodevelopmental disorders in the fifth revision of the American Psychiatric Association [1] . It is a disorder characterized by social deficits and communication difficulties, stereotyped or repetitive behaviors and interests, sensory issues, and in some cases cognitive delays that manifest in early childhood [2] . The incidence of autism in the 90's was estimated at 1 in every 110 children [3] ; however, recent studies have shown that the incidence is increasing globally with prevalence rates of 1.13% (1 in 88) in 2012 to 1.47% (1 of 68) in 2014 in Americans [4] [5] and 0.8% in 2011 to 2.3% in 2014 in Nigerians [6] [7] with a preponderance ratio of four males to a female. This global increase of ASDs prevalence cannot be fully explained in spite of advances in diagnostics because of sudden genetic shifts. There is therefore a growing consensus among scientists and clinicians that ASDs is probably caused from an interaction among genes, environment and the brain [8] . Several studies on environmental factors including those on identical twins have implicated either the exposure to toxins or lack of essential trace elements as important contributors in the pathophysiology of ASD [8] . Also, the plausibility of this has been corroborated by identifying roles of these elements and by the equivocal results of various genetic typing in children with ASD [9] .
Cerebral palsy is a common developmental disability characterized by motor impairment and can present with general physical and mental dysfunction with worldwide incidence of 2 to 2.5 per 1000 live births [9] . It is a static neurologic condition resulting from brain injury that occurs before cerebral development is complete. Because brain development continues during the first two years of life, cerebral palsy can result from brain injury occurring during the prenatal, perinatal, or postnatal periods. The etiology of CP is therefore very diverse and multifactorial. The causes are diverse; they include congenital, genetic, inflammatory, infectious, anoxic, traumatic and metabolic. The injury to the developing brain may be prenatal, natal or postnatal. As much as 75% -80% of the cases are due to prenatal injury with less than 10% being due to significant birth trauma or asphyxia [10] .
Trace elements are the building blocks of our bodies which consist of macro elements that are required in milligram quantities and the micro elements that and protein structure, fluid balance and many other processes in the body. They are keys for the health of every body system and functions [11] . Most of the essential trace elements are derived from diet; however, a good number are environmental contaminants/toxicants which inevitably find their way into the human system. Genetically, children with autism may be less able to detoxify toxic environmental agents, and this inability may predispose them to suffer neural damage consistent with autistic behavioral traits [12] . There have been suggestions that lack of essential minerals may cause many health problems, and a lack of them (or in some cases, an excess of them) could contribute to the etiology of ASD. This study was therefore designed to investigate the possible presence and role of abnormal levels of toxic (Pb) and macro elements (Mg and Ca) in the blood of children with ASD and those with CP.
Subjects and Methods
Recruitment: A total number of 41 participants were recruited for this pilot study. This comprised of eight (8) History of all children in the study was taken covering: parent socio-economic status, pregnancy history, attainment of developmental milestones, dietary history, and environmental exposure details. Past history of major childhood illnesses and immunizations were taken and clinical examination of all body systems with special emphasis on neurological examination was performed.
Ethical approval was obtained from the University of Ibadan/University College Hospital joint Ethical Committee.
Informed consent was obtained from each subject through their parents.
Inclusion criteria: Children clinically diagnosed as ASD and those as CP whose parents gave informed consent were recruited for the study. 
Method
Blood collection: About 2 mls of venous blood sample was collected from each participant from the ante-cubital vein. Blood was carefully dispensed into lithium heparin bottles to avoid haemolysis. Blood samples were centrifuged at 2000r.p.m. for 10 minutes using Centaur 2-centrifuge (Fiston centrifuge, manufactured in England) to obtain plasma which was promptly separated into another clean plane bottle. All samples were kept frozen at −20˚C until they were ready for analysis.
Ca, Mg and Pb were determined using ICP-MS.
Results
Instrument software was used on the machine to calculate the results with the inclusion of appropriate standard and controls. The result was in part per billion Descriptive statistics: Mean standard error (±SE) was used for parametric numerical data, frequency and percentage for non-numerical data.
Analytical statistics: Student's t-test was used to assess the statistical significance of the difference between two study group means. ANOVA was used to assess the statistical significance of the difference between more than two study group means, chi-square test was used to examine the relationship between two qualitative variables, and fisher's exact test was used to examine the relationship between two qualitative variables when the expected count was less than 5 in more than 20% of cells. P value of 0.05 was considered significant. Table 1 shows ASD group consisted of 6 boys (75%) and 2 girls (25%); CP consisted of 15 boys (83.3%) and 3 girls (16.7%) and the control group consisted of 8 boys (53.3%) and 7 girls (46.7%). Analysis of the questionnaires showed that 75.0% of ASD and 66.7% of CP were 1st child among siblings. Deductions from the result showed that parents of the children in the 3 groups belong to similar socio-economic class however fathers of CP children were least educated. Table 2 shows profile of developmental milestones in the participants. 62.5%
of ASD and 77.8% of children with CP were not talking; this value is significant when compared within the groups (P < 0.000). 38.9% of children with CP had unstable neck with delayed sitting and crawling (P < 0.003) while 55.6% were not walking. The other developmental milestones indicators showed that children with CP were significantly affected compared to children with ASD and none in controls. Deduction from these data showed that developmental milestones were either delayed or impaired in children with ASD and CP compared to control. Table 3 shows that there were no significant differences in dietary and nutrition patterns of the three groups except for the nutritional supplement which revealed that 61.1% of children with CP were not taking nutritional supplement (P < 0.001). The level of education of parents of the children might have influenced administration of supplements towards enhancing the level of nutritional elements in the children. There were no significant differences in children's age, mother's age at birth, father's age at birth, children's birth weight and children's weight between ASD and CP. It may therefore be said that there was no disparity in recorded bio data of the participants which might have influenced the study. Table 5 shows the comparison of plasma levels of Mg, Ca and Pb in children with ASD and Control.
The mean plasma calcium and magnesium concentration in children with ASD were 7.90 ± 0.17 mg/dl and 2.44 ± 0.07 mg/dl respectively. These were significantly reduced when compared to 8.97 ± 0.20 and 3.26 ± 0.16 mg/dl in control (P < 0.001; P < 0.002 respectively). Although, the mean plasma lead levels in children with ASD was increased (7.92 ± 1.30 µg/dl) when compared with control (6.83 ± 0.72 µg/dl), the difference was not significant (P < 0.433). Hypocalcaemia and hypomagnasaemia maybe implied from this results. concentration in children with CP were 7.26 ± 0.31 mg/dl and 2.42 ± 0.08 mg/dl respectively. These were significantly reduced when compared to 8.97 ± 0.20 and 3.26 ± 0.16 mg/dl in control (P < 0.000; P < 0.000). Unlike in children with ASD, the mean plasma lead levels in children with CP (10.38 ± 1.45 µg/dl) were significantly increased when compared with the control (6.83 ± 0.72 µg/dl) (P < 0.047). Plumbism may be implied in children with CP with this result.
Discussion
Neurological disorders constitute a quarter of the top 20 health conditions leading to reported disability in about 1 billion people world-wide [13] , ASD and CP are leading amongst these disorders; the prevalence rates is on the increase in developing countries just as in the developed countries. ASD, a known neurodevelopmental disorder, is characterized by dysfunctions in social, communications and repetitive behaviours. Its prevalence is reported to be 1.47% (1 of 68)
in Americans [5] and 2.3% in Nigerian children [7] ; the upsurge of the disorder in recent time has been of concern due to its undefined pathophysiology. There is therefore a growing interest in understanding the pathophysiology of the implication of environmental pollutants and micronutrients status in the aetiology of ASD. Cerebral palsy is a static neurologic condition resulting from brain injury that occurs before cerebral development is complete. Because brain development continues during the first two years of life, cerebral palsy can result from brain injury occurring during the prenatal, perinatal, or postnatal periods [12] .
This study was designed to determine the plasma levels of Ca, Mg and Pb in these neurodevelopmental disorders (ASD and CP) towards assessing their possible contribution in the aetiopathogenesis of these disorders. of signals from one neuron to the other [14] . Although calcium is the element that regulates transmission of electrical signals in nerves, it's been reported that magnesium regulates entrance of calcium into the nerve cells [15] . Hence, a reduction in the level of Mg as observed in this study may be an impediment in the transmission of signals the manifestation of which may be the characteristic repetitive behaviour in children with ASD. Reports have shown that the earliest manifestations of magnesium deficiency are usually neuromuscular and neuropsychiatric disturbances [14] . Previous reports have also shown that magnesium protects cells from toxic metals and oxy-radical damage while assisting in the absorption and metabolism of vitamins C and E which are anti-oxidants important in cell protection [16] . Therefore, the consequence of a reduced level of Mg may include disturbance in the absorption of some of the other essential metals that may be needed for the basic functions of the neuron. Although, there are limited number of works on trace metals levels in neurodevelopmental disorders generally, most work on ASD were on hair and nail. In a similar study by Marlowe et al. (1983) [17] , a significantly lower level of magnesium in the hair of autistic children was reported. However, the study by Melendez et al. (2013) [18] that reported a low serum magnesium level in ASD compared to reference value was similar to finding in this study.
On the other hand, the protective effect of Mg on the preterm neonatal brain particularly against CP may be inferred from studies on tocolysis. Previous studies showed that infants born to mothers given magnesium sulphate to prevent eclamptic seizures or as tocolysis showed a reduction in rates of cerebral palsy [19] [20] . The role of magnesium as a neuroprotective element in the development of CP may therefore be imperative; hence, the markedly reduced Mg level which was observed in children with CP and ASD may be prognostic of these neurodevelopmental disorders. Also, the reduced Calcium level found in both children with ASD and CP in comparison to the controls may be as a result of reduced magnesium levels since both metals are known to be mostly interdependent in their activities [15] . Calcium regulation has been known to play a major role in neurodevelopment and synaptic plasticity [21] . It is crucial for the transmission of electrical signal along the nerves hence a reduction in calcium level may precipitate abnormality in signal transmission along the nerves and the developing neurons. The abnormality in the developing neuron will largely manifest as an abnormality in neurite outgrowth, a section of the neuron crucial for neural transmission; this may . They all reported increased blood lead levels in children with ASD. Secondly, calcium has also been reported to be selectively displaced by lead when the latter is in excess [32] ; hence, the increased lead level in this study may be precipitated by the hypocalcaemia earlier observed in children with ASD and CP in this study. Nutritionally, children with ASD displayed lower levels of the essential elements calcium, copper, magnesium and selenium [33] . Since autistic children display poor eating habits; the low tissue levels may be explained by an inadequate nutritional intake.
The pathophysiology of ASD may also be due to increased blood lead level observed in this study which has been implicated in disturbance in the redox ac-Neuroscience & Medicine tivity of the brain. This is because increased blood lead level has been reported to have a variety of effects on synaptic mechanisms and structures resulting in formation of reactive oxygen species, speeding mitochondrial self-destruction through formation of the permeability transition pore, and priming activation of programmed cell death processes [31] . Increased blood level also interferes with neurotransmitter release, disrupting the function of GABAergic, dopaminergic, and cholinergic systems [31] . It has also been suggested that children with ASD show greater concentration of potentially toxic metal Pb in tissue; this may be the result of a greater ability to accumulate toxins, which in turn leads to an alteration of biochemical processes. It may therefore be inferred that children with neurodevelopmental disorders particularly ASD and CP may have problems with the chemical pathway that allows them to detoxify metals [15] .
Conclusion
Based on the results of the present study it may be concluded that the levels of Mg and Ca which are essential macro metals were reduced and toxic metal (Pb)
was increased in neurodevelopmental disorders as manifested in children with ASD and CP. Comparatively, there was an inverse relationship between the level of toxic metals and the essential macro elements; the ratio is more severe in CP than in ASD. The study thus suggests that the toxic effect of lead and reduced levels of the macro elements Ca and Mg may be prognostic of these neurodevelopmental disorders.
